In developing countries, tree seedlings are often produced in polybags filled with mixtures of locally available materials. Seedling growth and quality can be affected by the type and amount of these substrates used in the mixture. Differences in seedling growth and quality can also be significantly affected when fertilization is employed during the nursery growing period. In this study, we assessed the effects of five different growing media and two fertilization regimes on nursery growth, seedling morphology and early post-planting response to drought of Eucalyptus benthamii (Maiden & Cambage) seedlings. First, we evaluated the effects of each media by fertilizer treatment combination on morphological attributes during a nursery growing period. Seedlings raised in fertilized media without rice hulls yielded higher growth, root dry mass, shoot dry mass, total dry mass, Dickson quality index (DQI) scores, and number of first order lateral roots (FOLRs). Root to shoot ratio (R:S ratio) was, however, greater in non-fertilized media that contained rice hulls. We then conducted a simulated outplanting and drought hardiness experiment, in which seedlings were planted in 13.2 L containers and irrigated for one month, followed by the imposition of drought stress. Seedlings in fertilized media composed of sand, topsoil and compost showed greater growth than those in rice hull-containing media, during the irrigation phase. With the discontinuation of irrigation and prevention of precipitation reaching the seedlings, seedlings grown in non-fertilized media containing rice hulls survived longer than those in other media. There were no large differences in survival among other media or between fertilized and other non-fertilized seedlings. Seedling total size and shoot height at the time of planting played a major role in survival. Smaller seedlings with smaller shoot sizes and greater R:S ratios survived longer. This study demonstrates that growing media and fertilization can be manipulated to affect seedling morphology in the nursery and, ultimately, seedling performance and survival under water stressed conditions. 2 of 17 planted seedlings, water stress can be higher due to weak root contact with soil particles [3] . Once planted, a seedling needs to be morphologically and physiologically capable of coping with drought stress [4] . Morphology and physiology are two important factors that affect seedling quality [5] , survival, and growth on site. Seedling morphological attributes in the nursery have been positively correlated with hardwood and pine species growth [6] and survival [7] in the field; although the significance of the correlations differed among species and was variable among morphological attributes.
Introduction
In afforestation or reforestation programs, it is important to produce seedlings in nurseries that will survive and grow well after outplanting. The target seedling concept proposes that morphological and physiological characteristics of seedlings can be tailored for specific outplanting conditions [1] . Under droughty conditions, survival of tree seedlings is affected by inadequate soil water [2] and, in newly
Materials and Methods

Nursery Phase
Plant Material
Seeds from a bulk lot of open-pollinated trees in a seed orchard in Brazil were sown on 5 October 2013 in a mixture of peat moss and vermiculite in 0.036 m 3 starter trays in a greenhouse on the North Carolina State University campus (Raleigh, NC, USA). The greenhouse temperature was maintained at an average of 22 degrees Celsius (ranged between 18 to 30 degrees). The relative humidity ranged between 45 to 91 percent with an average of 70 percent. The light ranged from less than 100 to approximately 550 µmol·m −2 ·s −1 . Seedlings were transplanted into 750 mL perforated polybags (7 cm in diameter and 20 cm in height, with 24 holes each with a diameter of 0.5 cm, 16 on the sides and 8 on the bottom) in mid-November 2013. Seedlings were treated with fungicide three times for damping-off and powdery mildew. Fungicide was first applied a week after germination and two times after transplanting into the polybags in November and December 2013. On 26 January 2014, a greenhouse mechanical failure resulted in freezing damage and mortality of many of the seedlings. On 11 February 2014 all surviving seedlings were pruned to a height of 7 cm in order to stimulate re-sprouting and establish a uniform height to evaluate growth after the frost event. Seedlings were moved outside on 1 April 2014 and placed on benches receiving full sunlight. 
Treatments
Treatments consisted of growing substrates and fertilization regimes. There were five different growing substrates composed of different combinations of sandy loam soil (obtained from a nursery bed at Horticulture Field Laboratory, North Carolina State University, Raleigh, NC, USA), Paveston ® Natural Play sand (Bonsal American/an Oldcastle Company, Charlotte, NC, USA), Black Kow ® compost (Black Gold Compost Company, Oxford, FL, USA), and parboiled rice hulls (Natures Media Amendments, Riceland Foods, Stuttgart, AZ, USA). Two fertilizer regimes, fertilization, and control (no fertilization) were applied to each medium mixture creating ten substrate × fertilization treatment combinations ( Table 1) . The fertilizer was water soluble granular NPK 10:10:10 Weaver Lawn and garden PLANT FOOD (Winston Weaver Co. Inc., Winston-Salem, NC, USA). This fertilizer also contained 3% Ca and 6% S. For simplicity purposes, substrate names are abbreviated (topsoil = TS, sand = S, compost = C, rice hull = RH) and fertilization regimes (fertilized = F, non-fertilized = NF) for the different combinations. Media TS-C-S and S-C-TS are currently used in nurseries [16, 19] . C-S-TS is used as an alternative growing media [44] . RH-S-TS and RH-C-S are two new growing media tested in this study. In RH-S-TS, rice hulls are used to substitute for the compost in C-S-TS and, in RH-C-S, rice hulls are used to substitute for the soil in TS-C-S. Soil, sand, and compost media mixtures had higher bulk and particle density and lower porosity than rice hull media ( Table 2) . , TS-C-S = topsoil (50%) + compost (33%) + sand (17%), S-C-TS = sand (50%) + compost (25%) + top soil (25%) and RH-C-S = rice hull (50%) + compost (33%) + sand (17%).
Fertilization and Irrigation
Fertilization treatments were applied four times during the growing season: a top dressing of 400 mg in January and March 2014 and 600 mg in April 2014 and May 2014 (total of 2000 mg). Irrigation Forests 2019, 10, 543 5 of 17 varied according to the growing stage. During the first five weeks, seedlings were irrigated to field capacity every other day. After five weeks, irrigation occurred when containers dried down to 90% of water holding capacity. In order to accurately define soil moisture and irrigation applications, an Irrometer ® (Riverside, CA, USA) tensiometer-Model MLT was used to measure soil water potential of two seedlings per media treatment. On average, it took 6 days after watering for each sample to fall to 90% (−37 kPa) of its field capacity. In order to have uniform irrigation, at each time of irrigation, every seedling was watered for 5 s.
Experimental Design
The study was established as a randomized complete-block design with a 2 × 5 factorial arrangement of treatments replicated with 18 blocks. Six seedlings from each treatment were randomly placed in each block (60 seedlings per block surrounded by border seedlings). At the beginning of the study, there were 108 seedlings in each treatment. The initial seedling count totaled 1080. However, due to mortality, the final seedling size decreased to 889. The surviving number of seedlings ranged from 105 in the RH-C-S(NF) treatment to 61 in the TS-C-S(F) treatment. Seedling size per treatment per block was six for most treatments in most blocks, however, it ranged from 2 in TS-C-S(F) to 6 in most of other treatments.
Measurements
In May 2014, nursery shoot height (cm) and root collar diameter (RCD, mm) were measured on all surviving seedlings (889). After these measurements, on average, three seedlings per block per each treatment were randomly selected for destructive sampling (total of 533; treatments ranged from 30 to 68 seedlings). Shoots were separated from roots and the number of spiraled roots and number of first order lateral roots (FOLRs) were measured on a sub-sample of 204 seedlings from seven blocks (seedling numbers ranged from 13 to 25 per treatment). In addition, the number of active root tips was measured on a sub-sample of 57 seedlings (three to six seedlings per treatment). Spiraled roots were counted for every destroyed seedling. We considered a lateral root as spiraled when it touched the edge or bottom of the polybag and grew horizontally 1 4 of the circumference around the edge. FOLRs were counted for lateral roots ≥1 mm in diameter. The number of active roots tips were counted for lateral roots ≥1 mm in diameter. Active root tips are non-suberized, white root tips produced on lateral roots.
Next, the shoots and roots were oven dried at 60 • C [7] for 72 h and weighed to the nearest hundredth of a gram. R:S ratio was calculated by dividing total root dry mass by shoot dry mass. Sturdiness [8] was calculated by dividing shoot height (cm) by RCD (mm). The Dickson quality index (DQI) [45] 
For each treatment, the foliage of six randomly selected seedlings was combined, oven-dried and ground. Samples were analyzed by Waters Agricultural Laboratories, INC. (Camilla, GA, USA) for concentration (%) of nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S), iron (Fe), boron (B), zinc (Zn), manganese (Mn), and copper (Cu) using the Inductively-Coupled Plasma (ICP) method [46] . The following equation was used to convert concentrations to contents for each nutrient and treatment combination:
Two samples per medium mixture (Table 1) , plus two samples each of rice hulls, sand, and soil were sent to Waters Agricultural Laboratories, INC. for chemical and physical analysis. These samples were analyzed for available ammonium (NH 4 ), nitrate (NO 3 ), P, K, Mg, Ca, S, B, Zn, Mn, Fe, and Cu as well as pH, soluble salts, and organic matter using the Mehlich III procedure [47] .
Drought Test Phase
Experimental Design
The drought hardiness test was conducted outdoors at North Carolina State University, (35 • 47 29 N, 78 • 41 53 W) with 355 E. benthamii seedlings from the nursery experiment. Seedlings from each of the medium × fertilizer treatment combinations were randomly assigned to another randomized complete block design with 12 blocks. We did not use the nursery experiment blocking structure for the drought hardiness test due to two reasons. First, we did not have seedlings from some treatments in all the blocks after destructive sampling. Second, we had to transplant seedlings in larger containers and had to move to a larger space. The block effect was insignificant for most response variables, allowing a new blocking structure to meet the new space requirements for the transplants. A combination of three seedlings per treatment were assigned in each block except that the TS-C-S(F) treatment only had two seedlings in some blocks (a total of 31 seedlings). Each block was surrounded by 26 border seedlings, also from the nursery experiment. Seedlings were transplanted into 13.2 L containers (25 cm in diameter and 28 cm in height) filled with sandy loam soil and irrigated for 30 days. After a 30-day period, irrigation was discontinued and a 6-mm thick polyethylene greenhouse white plastic cover with 55% shade was placed 4 m above the seedlings to prevent rainfall and to expose the seedlings to drought stress until complete mortality (10 weeks). The western side of the cover was left open to allow air movement.
Measurements
After the 30-day irrigation period, height and RCD were measured. Using the nursery final height and RCD (initial) and 30-day height and RCD (final), absolute and relative growth was calculated using the following equations:
Once the drought stress treatment began, the trees were visually assessed every 48 h for permanent wilting and desiccation and the number of days until death (SurvDays) was recorded. Six seedlings per treatment were designated for shoot, pre-dawn water potential measurement (total of 60 seedlings). Pre-dawn shoot xylem water potential (XWP) was measured with a pressure chamber [48] at 2:00 a.m. Water potential was measured three times: on the first day of drought stress, on the 16th day of drought stress and on the 25th day of drought stress. At each sampling time, two seedlings per treatment combination were randomly selected for water potential measurement. Because E. benthamii leaves do not have petioles of sufficient size to be measured using the pressure chamber, stems (3-5 cm in length) from the top of the seedling were collected for water potential measurement. In some treatments, seedlings were very small and had only the main stem available for measurement, whereas in other treatments, lateral shoots were measured.
Statistical Analysis
Analyses of variance were performed on treatment means of each block. The sample size was 180 (18 blocks) for most of the nursery variables and 120 (12 blocks) for simulated drought test variables. Two-way ANOVA and type III sum of squares were used to test main effects of media, fertilizer, and their interaction at α = 0.05. Linear mixed models were used to fit the data in the GLIMMIX procedure in SAS 9.4 © 2014 (SAS Institute Inc., Cary, NC, USA). The Tukey-Kramer grouping was used to compare least square means of media type × fertilizer interactions (simple effects) at α = 0.05. The effect of fertilizer treatment was tested in each medium as well. All response variables were assessed for normality, independence, and constant variance assumptions. Residuals of response variables were independent, constant, and normally distributed. Due to the presence of zeros, the spiraled roots response variable was transformed using the equation
prior to analysis in linear mixed model. The following linear mixed models were used to test effect of media type, fertilizer level, and their interaction on response variables:
where y ijkl is the l th observation in k th block, j th fertilizer and i th media, µ is the overall mean, M i is fixed effect of media type (i = 1, . . . , 5), F j is fixed effect of fertilizer (j = 1,2), MF ij is interaction of media type and fertilizer, B k is random block effect with expectations B ∼ NID 0, σ 2 b , and ε ijkl is random error term with the expectations ε ijkl ∼ NID 0, σ 2 ε . Non-linear quadratic equations were fit to assess the relationships between the means of the seedling morphological attributes shoot height, RCD, total dry weight, and R:S ratio with the simulated drought test response variable number of SurvDays. Simple linear regression was used to describe the relationships between the dependent variable number of SurvDays and xylem water potential separately at each measurement time.
Results
Nursery Morphological Attributes
The interaction of media and fertilizer was significant for all nursery morphological response variables (Table 3) . A general, yet brief, examination of the main effects suggests that the use of fertilizer resulted in larger seedlings compared to non-fertilized seedlings regardless of media type (Table 4) . Additionally, media types containing some combination of compost, sand, and topsoil had greater heights, diameters, and biomass compared to media types using rice hulls regardless of the fertilization treatment. Exploring the results from the interaction in more detail revealed that with the addition of fertilizer, seedlings in the C-S-TS, TS-C-S, and S-C-TS medium types had the greatest mean heights. Those in the fertilized RH-C-S were significantly shorter than those in the TS-C-S and S-C-TS fertilized treatments. All the non-fertilized medium types produced seedlings with smaller heights than those in fertilized treatments, with seedlings in RH-C-S the shortest, followed by seedlings in RH-S-TS. RCDs of seedlings were larger in fertilized C-S-TS, RH-S-TS, TS-C-S, and S-C-TS than those in RH-C-S. Seedlings in C-S-TS, TS-C-S, and S-C-TS had the largest RCDs, and were significantly different from those in the RH-S-TS. Among the non-fertilized medium types, seedlings in the rice hull-containing RH-S-TS and RH-C-S treatments had the smallest RCDs (Table 4 ). Sturdiness was affected by fertilization regardless of medium types. In general, the seedlings in the rice hull-containing media (RH-S-TS and RH-C-S) were less sturdy (Table S3 ).
Seedling biomass production was enhanced by fertilization in all medium types, which resulted in greater root dry weight, shoot dry weight, and total seedling dry weights than in non-fertilized medium types (Table 4 ). Among the fertilized media, soil, sand, and compost-containing media (C-S-TS, TS-C-S, and S-C-TS) were among those with the highest root dry weights, shoot dry weights, and total seedling dry weights, whereas rice hull-containing media (RH-S-TS and RH-C-S) were among those with lower dry weights (Table 4 ). Although lower in root, shoot, and total dry weight, RH-S-TS was not statistically different from C-S-TS and TS-C-S when fertilized. Shoot dry weight of fertilized RH-S-TS also did not differ from those in fertilized S-C-TS. With fertilization, root, shoot, and total dry weight of RH-C-S were significantly lower than C-S-TS, TS-C-S and S-C-TS, but not lower than RH-S-TS. Within the non-fertilized medium types, C-S-TS, TS-C-S, and S-C-TS resulted in higher root, shoot and total dry weights than seedlings in the non-fertilized RH-S-TS and RH-C-S media (Table 4 ). DQI within the fertilized treatments was higher in soil, sand and compost containing media (C-S-TS, TS-C-S, and S-C-TS); however, DQI of TS-C-S was not different from RH-S-TS. The media containing rice hulls (RH-S-TS and RH-C-S) produced seedlings with lower DQIs with and without fertilization ( Table 4) .
Fertilization resulted in seedlings with lower R:S ratios in the two media containing rice hulls (RH-S-TS and RH-C-S) compared to seedlings in these media without fertilization, but not in media containing soil, sand and compost (C-S-TS, TS-C-S and S-C-TS). Among the fertilized treatments, the R:S ratios of all the media were not significantly different from each other. Among non-fertilized medium types, R:S ratio of rice hulls containing RH-S-TS and RH-C-S was significantly higher than C-S-TS, TS-C-S, and S-C-TS ( Table 4 ).
The number of FOLRs among fertilized medium types C-S-TS, TS-C-S, and S-C-TS were greater than the other two media. FOLRs of the fertilized soil, sand, and rice hull medium (RH-S-TS) was significantly less than S-C-TS. Also FOLRs of fertilized sand, compost, and rice hulls medium (RH-C-S) was significantly less than TS-C-S and S-C-TS. Under the no fertilizer regime, C-S-TS, TS-C-S and S-C-TS produced the highest mean FOLRs. Non-fertilized RH-S-TS and RH-C-S had the fewest FOLRs (Table 4 ). Nearly all of the spiraled roots occurred in the bottom portion of the polybags. Larger fertilized seedlings had higher mean number of spiraled roots than non-fertilized small seedlings (Table S3 ).
Drought Test Growth and Survival
The main effects of media, fertilizer, and media × fertilizer interaction was highly significant for the drought test growth and survival variables, except for the non-significant main effect of fertilizer for height absolute growth ( Table 3 ). The seedlings grew for 30 days before the induced drought period in the simulated outplanting experiment. Seedlings from the fertilized media remained among the largest in height and RCD (Figure 1) . Relative height and diameter growth was greatest in seedlings from the two non-fertilized, rice hull-containing media. Survival of E. benthamii seedlings also varied among treatments over time (Figure 3 ). There was no change in survival in the first week of drought stress. However, during weeks two and three, there was a noticeable decline in survival of seedlings in all treatments except non-fertilized RH-S-TS and RH-C-S. Non-fertilized RH-S-TS and RH-C-S treatments maintained their survival rate at 95 to 100% through week five, whereas survival of other treatments at that point was lower than 80%. In weeks 5 to 7, fertilized TS-C-S and C-S-TS treatments showed some resistance to drought stress and kept their survival 60 to 70%. Seedlings in S-C-TS media were all dead at the end of week eight. By the end of week 10, survival in all treatments was 0% except non-fertilized RH-S-TS and RH-C-S, in which survival was 10-15% ( Figure 3) . There were significant medium × fertilizer treatment interaction effects on SurvDays, with treatment means ranging from 33 to 51 days (Table 5 ). Seedlings from the non-fertilized RH-S-TS and RH-C-S treatments survived the longest under drought stress, although those in non-fertilized RH-C-S were not significantly different than those in fertilized C-S-TS and TS-C-S. Seedlings in the S-C-TS medium type performed relatively poorly under drought stress, both with and without nursery fertilization (Table 5) . Seedlings under these treatments had the highest growth and biomass accumulation during the nursery phase. Seedling height, RCD, and total dry weight were negatively correlated with SurvDays, while R:S ratio was positively correlated with simulated drought SurvDays (Figure 2 ). Survival of E. benthamii seedlings also varied among treatments over time (Figure 3 ). There was no change in survival in the first week of drought stress. However, during weeks two and three, there was a noticeable decline in survival of seedlings in all treatments except non-fertilized RH-S-TS and RH-C-S. Non-fertilized RH-S-TS and RH-C-S treatments maintained their survival rate at 95 to 100% through week five, whereas survival of other treatments at that point was lower than 80%. In weeks 5 to 7, fertilized TS-C-S and C-S-TS treatments showed some resistance to drought stress and kept their survival 60 to 70%. Seedlings in S-C-TS media were all dead at the end of week eight. By the end of week 10, survival in all treatments was 0% except non-fertilized RH-S-TS and RH-C-S, in which survival was 10-15% ( Figure 3) . The xylem water potential decreased in all treatments as the number of days under drought stress increased, with the exception of the non-fertilized RH-S-TS and RH-C-S treatments. Xylem water potential of non-fertilized RH-S-TS and RH-C-S treatments did not change at any of the three measurement times. In other treatments, however, water potential decreased dramatically after day 16. Xylem water potential was lowest in fertilized C-S-TS and non-fertilized TS-C-S treatments in day 25 (Figure 4) . The relationship between pre-dawn xylem water potential and SurvDays was positive, but only significant in Day 16 of the drought stress period ( Figure 5 ). Figure 5 . Simulated outplanting-scatterplot of response variable SurvDays versus pre-dawn xylem water potential measured at day 16 of drought stress period (p-value = 0.002). Individual circles represent treatment means. Larger seedlings with lower xylem water potential survived fewer days than treatments with higher water potential.
Discussion
One of the principal objectives of this study was to test the effects of substituting rice hulls for either compost or top soil. Without fertilization, seedlings in media containing the rice hulls were substantially smaller compared to those grown in the corresponding media (C-S-TS and TS-C-S). Part of this effect can be attributed to insufficient nutrition, as rice hulls provided substantially less N than the other medium components (Table S1 ). The requirement for additional nutrition was also demonstrated by the greater overall growth of seedlings in these media when fertilization was applied. Additionally, the high C:N ratio (85:1) associated with the use of rice hulls [49] may have contributed to N depletion, even when fertilizer was applied. Although all seedlings received the same quantity of water at each irrigation period, there were observed growth differences among treatments. This may be related, in part, to the differences in water availability and holding capacity associated with the range of media types. The lower bulk density and greater porosity of the media containing rice hulls suggests that, during the periods between irrigations, the seedlings in these media had less water available to them. Rice hulls have been previously used as a successful Figure 5 . Simulated outplanting-scatterplot of response variable SurvDays versus pre-dawn xylem water potential measured at day 16 of drought stress period (p-value = 0.002). Individual circles represent treatment means. Larger seedlings with lower xylem water potential survived fewer days than treatments with higher water potential.
One of the principal objectives of this study was to test the effects of substituting rice hulls for either compost or top soil. Without fertilization, seedlings in media containing the rice hulls were substantially smaller compared to those grown in the corresponding media (C-S-TS and TS-C-S). Part of this effect can be attributed to insufficient nutrition, as rice hulls provided substantially less N than the other medium components (Table S1 ). The requirement for additional nutrition was also demonstrated by the greater overall growth of seedlings in these media when fertilization was applied. Additionally, the high C:N ratio (85:1) associated with the use of rice hulls [49] may have contributed to N depletion, even when fertilizer was applied. Although all seedlings received the same quantity of water at each irrigation period, there were observed growth differences among treatments. This may be related, in part, to the differences in water availability and holding capacity associated with the range of media types. The lower bulk density and greater porosity of the media containing rice hulls suggests that, during the periods between irrigations, the seedlings in these media had less water available to them. Rice hulls have been previously used as a successful alternative growing media in place of vermiculite and other materials [22] . Although our study tested parboiled (but not composted) rice hulls, incorporation of this medium component might yield better growth results if the rice hulls are in composted form. Einert and Guidry [26] found increased growth of Juniperus chinensis L. seedlings growing in media containing 50% composted rice hulls plus 50% soil and 40% composted rice hulls plus 60% compost, compared to media containing parboiled rice hulls. In addition, the substantial growth suppression found with the use of 50% parboiled rice hulls without fertilization does not preclude that smaller proportions of rice hulls could allow for improvement of medium physical properties without sacrificing acceptable growth in the nursery. Dueitt [49] reported that both composted and fresh rice hulls can be used as a substitute for vermiculite, but with increasing proportions in the mixture, it could result in a decreased plant growth due to its lower nutritional value, as was found in our study. Further research is required to examine the proportions of rice hulls and levels of supplied nutrients that will allow for optimal seedling growth.
With the imposition of drought after the simulated outplanting, seedlings grown in non-fertilized, rice hull-containing media survived longer and had greater relative height and diameter growth rates compared to other non-fertilized mediums. This is likely due to the small shoots and large R:S ratios of these seedlings after the nursery phase, which may have persisted through the 30-day outplanting phase. This is supported by the finding that seedlings from these treatments maintained their XWP throughout the drought period of 25 days. Small shoot sizes in non-fertilized rice hull-containing media resulted in lower transpiring surface area. It is not possible from our results to conclude whether small shoot size or R:S ratio was most important for maintenance of XWP and enhanced survival of the seedlings in the non-fertilized, rice hull-containing media, as both occurred in these seedlings, compared with the seedlings from all other treatments. In addition, RCD and total dry weight were also negatively correlated with survival. The large morphological differences in all these variables between seedlings grown in the two non-fertilized media types as opposed to all the other media and fertilization treatment combinations strongly affected the fit in the scatterplots (Figure 2) .
Although the range of seedling sizes produced in this experiment is most likely larger than is used for operational planting programs, other studies have shown a relationship between both seedling size and R:S ratio and survival on droughty sites. Seedlings with larger shoot sizes can have better height growth and survival on mesic sites [34] ; however, they can have decreased survival on drier sites [50, 51] . Larger shoot size increases vulnerability of newly planted seedlings to mortality due to increased transpiration and water loss [52] . Ivetic et al. [53] observed a negative relationship between survival and shoot height, height/diameter ratio and shoot to root ratio in Austrian pine seedlings. Tuttle et al. [50] observed that height of loblolly pine seedlings was positively correlated with survival on good sites; however, it was negatively correlated on adverse sites. This indicates that, under drought stress, seedlings with larger shoot systems transpire water more quickly, because of greater leaf area [3] . In this study, the results from simulated outplanting test may not necessarily reflect the performance of the seedlings if they were planted into an actual outplanting. However, the results indicate that size of the newly planted seedlings may affect early post-planting survival in arid outplanting conditions where seedlings are planted into soil with adequate soil moisture, but then experience prolonged drought.
A second objective of the experiment was to test the effects of fertilization across all medium combinations. Although fertilization increased growth of the seedlings in all media, the R:S ratios did not differ, except for those in the rice hull-containing media. Furthermore, fertilization during the nursery stage did not have consistent effects on the maintenance of XWP through 25 days nor on survival during droughty conditions. Potentially, growers could optimize fertilization levels to produce seedlings for particular sites and environments, without fundamentally altering the R:S ratios of the seedlings produced. As good survival is a key goal of afforestation and reforestation programs in arid environments, selection of growing media type and fertilizer levels are techniques that can affect seedling attributes that ultimately affect survival. While very small seedlings might be more resistant to water stress, they could be more sensitive to competition from weeds that could result in lower survival. Thus, growers and foresters should assess their sites and utilize the target seedling concept [1] by manipulating medium components and fertilization to plant seedlings with the highest probability of good survival and growth.
However, a note of caution should be added when considering fertilization for seedlings grown in polybags. Because, in our study, fertilization also increased the number of spiraled roots in all media (Table S3 ), it is necessary to balance growth with container size, in this case polybags. The use of polybags, even those containing air holes, such as the ones we used, can result in excessive amounts of spiraled roots [54] , compared to containers that are designed to prevent them. However, in some developing countries, polybags are a commonly used option, thus, growers should be aware that too much root growth could lead to spiraling and, potentially, additional transplant shock, after removal from the bags. Managing the fertilization levels, as well as the time that seedlings are kept in the bags, can be optimized to produce seedlings that will perform well after transplant. Future studies could examine differing levels of fertilization to achieve this optimization.
Conclusions
The purpose of this study was to assess morphological responses of seedlings grown under different media and fertilization environments in the nursery followed by a simulated outplanting to test drought tolerance. Results showed that using fertilizer in the nursery, regardless of media, typically promoted greater growth responses. In contrast, the inclusion of parboiled rice hulls as part of the media mixture reduced growth of seedlings compared to compost, sand, and topsoil mixtures. However, these smaller seedlings exhibited substantial relative growth during the 30-day well-watered simulated outplanting and greater drought resistance after the imposition of drought. Seedlings with small shoots and high R:S ratios are expected to have higher survival after planting due to lower transpiration rates as a result of smaller leaf areas.
Inferences drawn from this study should be limited to the simulated outplanting environment. Planting into actual field environments will likely subject seedlings to a myriad of biotic (i.e., herbivory and competing vegetation) and abiotic (i.e., temperature and precipitation) stresses that did not exist in this experiment. A critical next step is to examine field performance of outplanted seedlings that use medium components and fertilization in the nursery to manipulate size and R:S ratios in seedlings targeted for planting on challenging reforestation and restoration sites. These practical nursery manipulations are especially important to outplanting efforts in many developing and resource-limited countries.
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